In a randomized clinical trial, a low-fat eating pattern was associated with lower risk of death after breast cancer. However, the extent to which results were driven by dietary influence on survival after breast cancer diagnosis was unknown.
I n the Women's Health Initiative (WHI) Dietary Modification (DM) trial, 48 835 postmenopausal women were randomly assigned to a dietary intervention or a usual-diet comparison group to assess low-fat dietary pattern effects on the primary prevention of breast cancer. Baseline characteristics of women in the randomization groups were closely comparable for breast cancer risk factors, as was screening mammography frequency throughout. 1 Nutrient intake changes associated with the low-fat eating plan after 1 year included a statistically significant reduction in percent energy from fat (mean [SD] , 24.3% [7.5%] vs 35.1% [6.9%], respectively) and an increase in fruit and/or vegetable and grain consumption vs the comparison group (all P < .001). Although not an intervention target, body weight was 2.2 kg lower in the dietary group as well (P < .001).
1,2 At 4.5 years (median) after entry, statistically significant dietary changes and weight differences in the entire dietary group were sustained when compared with the usual-diet comparison group.
3
At the end of the 8.5 years' (median) dietary intervention, of 1764 incident breast cancers, there were 8% fewer in the dietary intervention group, a difference that was not statistically significant (P = .09). 1 Most breast cancer characteristics were balanced between randomization groups. However, there were fewer poor-prognosis, estrogen receptor-positive, progesterone receptor-negative cancers in the dietary group (P = .04).
3 Subsequent median cumulative follow-up through 16.1 years found deaths after breast cancer, measured from randomization, to be significantly reduced in the dietary intervention group (HR, 0.82; 95% CI, 0.70-0.96; P = .01). 3 These findings suggested that following a low-fat dietary pattern may reduce breast cancers associated with greater mortality. However, as prior analyses of mortality were measured from randomization, it is unclear to what extent the results were driven by dietary influence on postdiagnosis survival. The observed favorable effect on deaths after breast cancer 3 could have resulted from prediagnosis dietary influences on cancer characteristics. 1, 3 Alternatively, or in addition, 4 as dietary group participants with incident breast cancer continued to participate in subsequent intervention activities, the dietary intervention exposure after diagnosis could have affected processes influencing not only breast cancer recurrences but also other clinical outcomes. 5 To address this issue of postdiagnosis dietary intervention influences, we provide findings for breast cancer overall survival measured from breast cancer diagnosis.
Methods
Study details have been published. 6 Institutional review board approval was obtained at each center and all participants provided written informed consent. Body weight, height, and waist circumference were measured at baseline, the former 2 measured annually, 2 while physical activity was self-reported at baseline and every 3 years. Mammography screening was performed every 2 years, or annually for participants in the WHI hormone therapy trials.
The major goal of the low-fat dietary program was to implement a change in eating behaviors to reduce fat intake to 20% of total energy. Increases in consumption of vegetable, fruit, and grains were also targeted. 7 Caloric intake reduction and weight loss were not intervention targets. The dietary intervention sessions were led by specially trained and certified nutritionists, and included 18 group sessions in year 1, an individual session between 12 and 16 weeks to ensure nutritional balance of each participant's new dietary pattern, and quarterly maintenance group sessions throughout the dietary intervention period. 7 The objective and content of each session are provided in appendix 1 of the WHI design article. 7 Each dietary group participant was given her own fat gram goal and was asked to monitor her food intake. Usual-diet comparison group participants received written diet-related education materials. Participants provided a 4-day food record at baseline. During the dietary intervention period, dietary intake was assessed using food frequency questionnaires, after 1 year in all and every 3 years thereafter on a 33% rotating subsample. Although dietary change fell short of design goals, intentional dietary changes lasted substantially throughout the trial dietary intervention period, and into the extension period.
8
Women who received a diagnosis of breast cancer continued participation in dietary group activities. Thus, women who received a diagnosis of breast cancer shortly after entry would have more contact with the dietary intervention program, including contact with study nutritionists, after their breast cancer diagnosis than women who received a diagnosis of breast cancer later during the trial. All contact with study nutritionists ended on March 31, 2005, at the end of the 8.5-year (median) dietary intervention period.
Outcome information was collected every 6 months during the dietary intervention period and annually thereafter. Reported breast cancers were initially verified by medical record review by trained physician adjudicators at the local Clinical Centers. Final adjudication and coding was performed centrally.
9 As previously reported, breast cancer therapy was directed by the participant's own physicians. Among the subset (n = 1403) with In the present report, we examined, as the primary analyses, dietary modification influence on breast cancer overall survival (breast cancer followed by death from any cause) for the 1764 breast cancer cases diagnosed during the dietary intervention period and followed through September 2013. Note that breast cancer overall survival, defined in the same way, is a commonly accepted end point in adjuvant breast cancer trials.
10
At the protocol-specified end date (March 31, 2005) , after 8.5 years' (median) follow-up, dietary intervention ended. Postintervention follow-up (for 2005-2010, beyond 2010) required written consent, obtained from 83% and 86% of surviving participants willing to be contacted, respectively. Periodic National Death Index queries provided reliable information on survival independent of reconsent status. Cause of death was determined at the WHI Clinical Coordinating Center by medical record or death certificate review. All adjudicators were blind to randomization assignment.
Statistical Analysis
Annualized rates of breast cancer overall survival by randomization group for women who received a diagnosis during the dietary intervention period were assessed by dividing the event number by the corresponding person-time in each period. Cumulative incidence curves were generated and hazard ratios (HRs), 95% CI, and P values computed from Cox regression models stratified by age at diagnosis, randomization status in the WHI hormone trials, and study period for the survival analyses (intervention or postintervention; time dependent). Analyses of dietary modification influence on breast cancer overall survival included the 1764 breast cancer cases diagnosed during the dietary intervention period with outcome measured from diagnosis. An exploratory analysis examined dietary modification influence on deaths after breast cancer (breast cancer followed by deaths from breast cancer) for the same 1764 breast cancer cases. The present analyses were not protocol defined, and comparison of randomization groups, among incident cancer cases, may not be free from confounding.
All statistical tests were 2 sided. The level of significance was .05 or less. Additional analyses examined time trends of dietary modification association with breast cancer overall survival for deaths during the dietary intervention period and postintervention. An exploratory analysis examined time trends of dietary modification association with breast cancerspecific survival (breast cancer followed by death attributed to the cancer) for deaths during the dietary intervention period. Because dietary effects in 17 subgroups were investigated, 1 statistically significant interaction was expected by chance alone.
Results
The characteristics of women who received a diagnosis of invasive breast cancer during the dietary intervention period by randomization group are outlined in the Table. No significant differences were found for demographic variables, breast cancer risk factors, or characteristics associated with risk of death (self-rated health, body mass index [BMI] , smoking, physical functioning, alcohol consumption, treated diabetes, and comorbidities) in the 2 randomization groups. Participant flow for analyses of breast cancer overall survival for cases diagnosed during the dietary intervention period is outlined in Figure 1 .
Breast cancer overall survival of the 1764 breast cancer cases diagnosed during the dietary intervention (671 in intervention and 1093 in comparison groups, respectively), with 11.5 years (median) post-breast cancer diagnosis follow-up with 516 deaths, was significantly greater for women in the dietary group (10-year survival of 82% and 78%, respectively; HR, 0.78; 95% CI, 0.65-0.94; P = .01) (Figure 2 ). Findings are similar in analyses stratified on stage (regional/distant vs local) (HR, 0.76; 95% CI, 0.63-0.92; P = .006), progesterone receptor status (HR, 0.80; 95% CI, 0.66-0.97; P = .03), estrogen receptor plus progesterone receptor status (HR, 0.78; 95% CI, 0.64-0.95; P = .01), and after adjustment for baseline weight and most proximate weight preceding diagnosis (HR, 0.78; 95% CI, 0.64-0.94; P = .009). Findings for dietary intervention association with breast cancer-specific survival (breast cancer followed by death from breast cancer) are provided in eFigure 1 in the Supplement.
Cause of death is available for 510 of 516 breast cancer cases. Breast cancer was the most common cause (188 CI, , with no evidence of differential association of diet with cause of death (P = .70). Dietary modification association with breast cancer overall survival was examined in 17 subgroups ( Figure 3 and Figure 4 ). The only statistically significant test of interaction was for BMI, in which a greater DM association was seen with higher BMIs. Almost all subgroup HRs were less than 1, suggestive of generally favorable influence of dietary intervention on breast cancer overall survival.
Women continued dietary group activities after breast cancer diagnosis, 3 and the cumulative distribution of the duration of dietary intervention before and after breast cancer diagnosis is shown in eFigure 2 in the Supplement. Women with breast cancer participated in the dietary intervention for a median of 4.5 (interquartile range, 2.4-6.3) years before breast cancer diagnosis and a median of 4.0 (interquartile range, 2.3-6.0) years after diagnosis (eFigure 2 in the Supplement). During the dietary intervention period, dietary benefit on breast cancer overall survival was observed (HR, 0.67; 95% CI, 0.46-0.97) and benefit increased as time from breast cancer diagnosis increased, reflecting longer exposure to the dietary intervention. Time-varying HRs, by tertiles of time from diagnosis to death, were 0.98, 0.70, and 0.40, respectively Postintervention, after nutritionist contacts ended, the HR was nonsignificant (HR, 0.83; 95% CI, 0.66-1.03) and significant temporal trends were not observed (P = .50 for trend). Additional analyses used time from randomization as the basic time metric for overall survival during the intervention period. While dietary benefit remained (HR, 0.66; 95% CI, 0.45-0.96) (right panel of eFigure 3 in the Supplement), benefit did not increase as time from randomization increased (P = .42 for trend), suggesting that longer exposure has the most influence after breast cancer diagnosis (left panel vs right panel of eFigure 3 in the Supplement). The observed association of the low-fat eating pattern with breast cancer incidence and subsequent overall survival is summarized in eFigure 4 in the Supplement, where the more general hypothesis of whether the dietary intervention has no effect on either invasive breast cancer incidence or breast cancer overall survival was assessed jointly in the entire randomized cohort with a statistically valid omnibus test.
11,12 The observed reduction of breast cancer during the intervention period, followed by improved survival, was not attributable to chance (P = .006).
Discussion
Among the 1764 women who received a diagnosis of breast cancer during the dietary intervention period, breast cancer overall survival from diagnosis was significantly higher in the dietary group. Also contributing to the favorable dietary association with breast cancer overall survival was lower mortality from other causes. The focus on breast cancer cases diagnosed during the dietary intervention period was based on earlier temporal trend study findings, 3, 8 which suggested that it was unlikely that outcome of breast cancers diagnosed postintervention, when there was no contact with the dietary modification program, would differ between randomization groups. In Because of possible selection bias consequent to breast cancer diagnosis, the present breast cancer overall survival analyses do not compare randomized groups. Specifically, women at trial entry could have been simultaneously at elevated (or reduced) risk for both breast cancer incidence and for death from any cause, possibly confounding the survival comparison. However, baseline characteristics regarding general health were balanced between arms, so control for known mortality risk factors such as smoking, obesity, and self-rated health did not materially affect HR estimates. For example, after adjustment, risk estimates for overall breast cancer survival edged slightly toward greater benefit (HR, 0.77; 95% CI, 0.64-0.93). Frailty assessment by randomeffects methods 26 was used to address the possibility of shared unobserved risk factors that may influence breast cancer incidence and total mortality, and act multiplicatively on the 2 hazard rates. Frailty models produced risk estimates for survival after breast cancer that also edged slightly toward greater benefit. The WHI low-fat dietary intervention reduced fat intake and body weight and increased intake of other nutrients that potentially influence breast cancer. 27 Nevertheless, dietary fat reduction was the largest absolute dietary change and adjustment for weight change during the intervention did not attenuate the dietary effect on breast cancer overall survival. As the contribution of the individual components of dietary intake to the breast cancer outcome cannot be fully separated, the WHI-DM trial evaluated all consequences of the low-fat eating pattern. The Women's Intervention Nutrition Study (WINS) evaluated a similar low-fat dietary pattern in a different clinical situation, in 2437 women with early-stage breast cancer, and also reported findings that sustained intervention is needed to maintain a beneficial effect. The WINS dietary program resulted in a statistically significant, 24% reduction in breast cancer recurrence risk during the intervention period (HR, 0.76; 95% CI, 0.60-0.98), 28 which was attenuated during postintervention follow-up. 29 Another randomized adjuvant study of similar design with 2361 patients with breast cancer did not find an influence on breast cancer recurrence for an intervention focused on increased vegetable, fruit, and fiber intake; however, little sustained reduction in fat intake was reported with the intervention.
30,31
The American Cancer Society (ACS) 32 and the American Institute for Cancer Research (AICR) 33 have provided guidelines for cancer prevention that, similar to the WHI intervention, both endorse increase in vegetable, fruit, and grain intake. However, ACS and AICR recommendations also include smaller portion size for maintenance or weight loss, which was an unintended consequence of the presently reported dietary intervention, while neither endorses limiting total fat intake. The ACS also has a guideline for breast cancer survivors that emphasizes weight loss or maintenance with no strong advice for individual nutrient components. intervention period, dietary program adherence supported by body weight and biomarker differences, protocolspecified serial screening mammography, medical record confirmation of breast cancers, and long follow-up enhanced by serial National Death Index queries. Study limitations include those associated with post hoc analyses; the modest absolute increases in vegetable, fruit, and grain intake; the need for confirmatory trials; and incomplete breast cancer therapy information.
Conclusions
In summary, in women who received a diagnosis of breast cancer during the dietary intervention period, those in the dietary group had increased breast cancer overall survival compared with those in the usual-diet comparison group. This increase is likely due, in part, to better survival from several causes of death. 
